COMMUNITY HEALTH CELL 


326, V Main, | Block 

Koramengala 

Bangalore-560034 
India 


APPRO ( Action For Food Production) was requested by 
St. John's Medical College on behalf of UPASI , 
(United Planter's Association of Southern Tndia).-te 
deal with the Resource aspects of Water Supply In 
Plantations in this Seminar, 


A visit to selected plantations enabled crystallization 
of the problems, specially drinking water aspects were 
to be dealt with as it was Fert that irrigation at 

this juncture is net a priority. 


The notes have been prepared in as simple a form as 
possible and are relevant Specifically to plantations 
in Southern India. It is sincerely hoped that these 
will be useful to Plantation Managers and Health 
officers for whose benefit this Seminar has been 


organised, 


We gratefully acknoweldzge the co-operation and assist- 
ance rendered by UPASI and by the various plantations 
visited. The information Supplied by them have greatly 
inspired us to prepare the Seminar notef. 


For AFPRO 


COL. B.L.VERMA VSM (Retd.) 


Head-Water Resources Development 
Department, 


AFPRO, New Delhi 


Dated: 19th July, 1980 
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be thoroughly determined taking into consideration cost and 
availability of water, waste disposal nroblems, management and 
types of processes involved and requirements of the factory 
personnel which may be taken as 45 or 30 litres ver head per 
day denending on whether bathing rooms are nrovided or not. The 
following table shows annroximately the requirement of some 
industries: 
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aa ; : Water Pequirenents 
Industry Unit of Production (Ti lol itres/day) ner 


unit of nroduction 


—— ——_ 
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Automobile Vehicle AO 
Distillery Kilolitres 122-170 
Fertilizer Tonne , 80-200 
Leather 100 kg. (tanned) 4 
Paver Tonne 200-400 
Strawboard x 75-100 
Petroleum " (Comme) 1.5-2.0 
Fefinery 

Steel _" 200-250 
Sugar '" (eane crushed) 1-2 
Textile 100 kg (goods) 8-14 


— 
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The water requirements For hosnitals (including laundering) is 455 
litres per bed per day in case the number of beds is over 700. For 
those with less than 100 beds, the daily requirement reduces to 


340 litres ner bed ner day. 


The daily reauirement for livestock varies from 7.5 disres for 
a sheen to 132 litres for a dairy cow. Incidently, nlantations 
do not have large scale Livestock develonment and hence actual 
requirement may not be appreciable as comnared to requirement 


for other uses. 
The daily water requirement for a tynical estate of 2,500 acres 


with a population of 2,000 a rubber factory, a hospital with 50 


nd 50 head of nilch cattle is shown below (in litres ver day ) 
«9/7 
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G GRAPH FOR ESTIMATION OF FUTURE POPULATION 
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Domestic @ 40 litres per head 80,000.00 
Pactory (approx.) 35,000.00 
Hospital @ 340 litres ver bed 17,000500 
Livestock @ 132 litres ner head 6,600.00 
Ada 160 litres ver head for 50 

managerial staff 8,000 .00 


———$—— 


Total 1,46 ,009..00 


) Wgeemnten s 2 

The future demand is slso an imnortant criteria for the estimation 
of the reavirements of an estate. The imnortant variable here is 
the population and whilst making vlans for future demands, a 
period of 20 years is considered adequate to project this. In 
figure 1 is shown a projection of future nonulation on the basis 
of which future demands may be commuted. The past records on 
ponylation would be needed for this and hence such an attemnt 

has not been made for the above tynical estate. 
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Sources of Water In Plantations: 


Before considering the sources of water that can be tapned in 
plantations it is imnerative tc toven on the earth's water cycle, 
or the'Hydrologic cycle '. The. ultimate source of all water 
resources is precivitation either from rainfall or snowfall or 
both, in case of the niantations the only precinitaticn is Yain- 
fall. HEainwater thau falls on the earth goes into the zround as 
infiltration and percolation, over the surface as runoff and through 
the root zone via the veretacion »ack to the atnosnhere as evano- 
transpizatica. he water “nat rercolates to deerer zones in the 
ground acas to the yuaderground water reservoir. This grounawater 
is also dynamic with movemsat vo lower regions and ultimately 
into the sea. Evanoration and evanotransniration (through plants) 
takes the water back into the atnosnhere thus coanleting tne 
cycle, which is shown ia figure ec. ‘he “lantation arees would 
constitute the uprer nares or tre tonogrannic setting in the 
cycle where surface mipoff, evanoration and trangpiration are 
apnreciakie being near the soncsranhical surface divides and 
covered with plantat:on 7107s and forests. ‘the infiltration 
into the soil zone may ulso pe annreciadle bvi nercolation into 
deener zones is exnecte4 +o be much less. Tnus it can ve 
apprecisted that the scurce in *he niantaticus would be vrimarily 
surface water and wo a limited exteus groundwater mostiy in 


the torographical lows. 


Surface water frou nevennial rivers, streams, brooks ,etc., cons 
titute the most fmnorsiant aspec™ of water resources in nlantations. 


Groundwater resources are Limited and oven wells tapping the 


shallow soii zone ana some part of the vadose zone are prefei- 


ential ly sink, near jhe rivers or streams. Borewell nrosvects 


are minimal and ia fect have not been c 


ations. such yorewells thougn of a tow discharge could serve 
scat terred eomnunities. Another important 


are snriags which are discharges of 


cnsideved in most niant- 


nartly tue small 
source of water suprli.es 
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ground water at the surface when travelling along cracks, creviGées, 
joints or faults that outcrops at the surface. This is essentially 
groundwater that contributes to or becomes vart of the surface 
discharge. 


Surface water may be exploited by construction of weirs, small 
dams, etc., across rivers or streams or simply by sinking jack or 
collector wells in the river or stream bed. Perennial rivers 
with voluminous discharges need ne structures to imnound water. 
Ground water may be extracted by sinking shallow onen wells in 
the topographical lows, vorewells along areas with susnected 
fracture zones or deen weathered zones in rocks and by taprning 


of supplies from snrings. 
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Investigation for and Estimation of Groundwater: 


Groundwater is obtained throvgh aq nifers-those narts of a rock 
formation which are canabie of transmitting and yielding viable 
aqvantities of water. Rooks may be consolidated,(comnacted, 
cemented eg., Granite,sandstone ,limestone). or unconsolidated 
(loose materials eg., clay,sand,gravel), rocks. These may be 
termed hard and soft rocks resynectively. Further rocks maybe 
classified based on their origir as: 


Sedimentary: Those formed by deposit of materials derived from 
weathering and corrosion of other rocks. These constitute 
only about 5% of the earth's crust but contain an estimated 95% 
of available ground water. ‘These rocks maybe unconsolidated 
eg., sand,gravel or mixtures of both, and are the best aquifers 
available. Others include aarine deposits, alluvial or river/ 
stream denvosits, glacial, wind and drift blown sand and loess. 
Sandstone is an examole of a consolidated sedimentary rock. 


Igneous: Those resulting from the consolidation of hot molten 
magna, which originates at great denths in the earth. Li 
solidification occurs at denth they give rise to intrusive or 
plutonic rock, eg., granites, Those solidifying at the surface 
are called extrusive or volcanic rocks- €g-, basalts. While 
granites being coarse and noa-norous, are not good aquifers, 
groundwater maybe evnected in the crevices and fractures as 
also in the upner weathered nortions. Rasalts can be permeable 
and porous as a result of interconnected onenings or vesciles 
formed when gas escanes whilst cooling. They may also contain 
groundwater in crevices, and in breciated tops and bottoms of 


successive lava flows. 


yetamorphic; Those rocks either igneous or sedimentary which 
have been altered by heat and “ressure es., quartzite, slate and 


miea schists, gneiss which have formed by metamornhosis of sand- 
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Stone, shale and granite resvectively. “arvle Gnetanornhosed 


limestone) maybe a 200d aquifer when fractured or containing 


solution channels. 


The level to which groundwater rises and stands below ground 


level under atnospheric conditions is known as the ‘Water Table’. 


Since all Plantations in South India lie on crystalline granitic 
or comnle~r gneissic rocks we shall restrict ourselves to the 


occurence, investigation and assessuent of groundwater in such 


terrains only. 
neither of which contain iaterconnected nore snaces. 
connected by 


caa 


The vredominant rocks are granites and gneisses 
Nearer 


‘tthe surface however, these maybe weathered anc 


intersecting joints and crevices. Such zones form valuable 


receptacles for groundwater. The lateral and vertical extent 


nlace to niace but in tne plantations this 
(20=450° fect oT 7-10 metres) when 


vary widely from is 
exnected to be very shallcw 
compared to the nlains. 
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‘Yethods of Investigation for Groundwater: 


ntirely relevant to go into the details of the 


cedures of the various methods, we shall 
y of these methods » 


As it is not e 
_ theory and field pro 
only with the apnlicabilit 
Involves study of the geology .structure , 

fractures and data related to the 


evisting wells and surface studies. 
if new wells 


aeal 


‘Hydrogeological: 
weathering pattern, joints, 
occurence of groundwater from 
This would be indicative of what may be expectea 
have to be sunk and thus aid in nrover design ana construction. 


ul of the four gceonhysical 


nost usef 
is the 


Geophysical: By far the : 
methods (electric, magnetic, seismic and gravimetric) 
electric method whereby whe resistivity of the formations are 
determined; these vary for different rocks denending on the 


b material, density, deszree of weathering , 
ity anda temperature. 


and shape; water content and qual 
are indirect methods to guide one as to the tyne and denth of 


. 8/- 


norosity, pore size 


These 


-R- 
a well to work out prospects of encountering water bearing forma- 
tions. 


Hydrological: Involves collection and nrocessing data on rainfall, 
nercolation, water level fluctuations in wells, groundwater 
auality, determination of well yields, and water budgeting. ‘this 
would enable us to work out the tyne and size of wells, avantity 
that should be pumped, any treatment reavired and work ovt a 


simple draft from the groundwater reservoir. 


Thus it maybe seen that the various wevhods when apylied enables 
one to determine the quantity of groundwater avaiiable, the 


exact location of wells, the denth to which such wells have tO 


be sunk and the quantity that maybe tapped by each so as to 


maintain a valance between innut and darart. 


Estimation of Groundwater Availability: 


Calculation of the groundwater budget is done usually on a large 


scale eg., basinwise. For purposes of illustration however, the 


_ groundwater budget of a tynical estate may he calculated from the 
. formula: 


Ba =(P 


So Sere y ae 


Thus assuming t 
ing anovall 
transniration and runoff, hut recei 


from other sources, the annual groun 


+ 


>) = Gs * ee. 
where G = recharge/storage oY available groundwater, 
p = Precipitation or rainfall 
I = Imported water (canals, surface water bodies ,etc.,) 
ET = Evavnotranspiration losses; 
ana Rk = runoff 
hat an estate with an area of 2,500 acres, receiv- 


y 100 inches of rainfall looses 99% through evap o- 
ves little or no recharge 


dwater recharge may be 


calculated as: 


Oo = ( tot 0 ) - ( 99 ) 
= 1" over 2,500 acres 
= 2,500 acre - inch 
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= 256913250 litres 
say 25.69 x 10! litres 


Allowing for deficient rainfall years and unequal distribution, 
75% of this may be available for utilization. Thus 19.c7 X 10! 
litres may be available annually or about 5,00,000 litres maybe 
available daily. However, an important point to be remembe rea 

is that much of this is expected to contribute to the surface 
discharge through the year, thus maintaining a perennial surface 
flow as is evidenced from actual (qualitative) observations. The 
need to auantify this »>y svaging (measuring) the surface discharges 
hence becomes apparent. 


On estimating the total usable groundwater at macro levels, 
(plantation), wells may be sited at appropriate points after 
proper investigations. The discharge or yield of each well that 
can be safely drawn must now be determined. In plantations , 
groundwater sources cannot be exnected to yield large supplies 
but only supplement those from surface sources. Since borewells 
have not been sunk in most or perhaps any estate, the actual 
assessment of these has not been made. The wells tan nostly 
water table aquifers as opposed to confined aquifers( see figure 
S). The water here flows under gravity at atmospheric nressure. 
The assessment of the exact capacity and more precisely the 
pumpage rate to be fixed for open wells may ve carried out 


as discussed below: 


Determination of Well Yields: 


The testing of water wells is carried out to obtain information 
about the performance ana efficiency of the well, reported in 

terms of yield, draw —down and specific capacity. This helps 
in selection of 4 proper vuilp thus reducing recurr 
The second ob jective is to provide data 


ing costs 


and use of power. 
from which the principle factors of aquifer performance can be 
calculated and is hence called an + aquifer test'. Some import - 
ant definitions relating to punp testing of wells are given 
pelow: (Also refer +0 tigure /P) 

2» 10/- 
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Static Water Level(SWL): is the level at which water stands in 
a well when no water is drawa from the well either by pumping or 
free flow, and is expressed as distance from ground level to the 
water level. 


Pumping Water Level (PWL): is the level at which water stands when 
pumping is in progress. In case of a flowing well it may be the 
level at which water is flowing, from the well. This PWL may also 
be referred to as 'Dynamic Water Level'> 


Drawdown(H): is the difference between the SWL and the PWL at any 
instant and represents the head in feet of water that causes water 
+c flow through the aquifer material at the rate at which the 
water is being taken out. 


Residual Drawdown: is the distance to the water lovel during the 
period when pumping Stops and when the water level begins to 
recover to the SWL. 


Well Yield: is the volume of water per unit time discharge’. from 
a well by pumping or by free flow, and is measured as the 
pumping rate in gallons ner minute (gpm); gallons per hour( gpl.) : 
for small yields or cubic feet per second (cfs) for large yields 
(Also in lpm, lph or ns) 

Specific Capacity: is the yield per unit draw down expressed as 
gpm per ft. drawdown ( or lpm/metre drawdown) eg., at any given 
time if the pumping rate is 400 lpm and drawdown is 2 metres, the 
specific capacity may be expressed as 200 lpm per metre drawdown 
at the time measurements were taken. 


Radius of Influence(R): is the distance from the centre of the 
well to the limit of the cone of depression( refer figure 4) 


Coefficient of Storage (S): of an aquifer is the volume of water 


released or taken into storage per unit of svcrface area of the 
aquifer per unit change in head. 


Coefficient of TransMissibility(T): of an aquifer is the rate at 
COMMUNITY HEALTH CELL 44 /_ 
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which water will flow through a vertical strip of the aquifer of 


wnit width extending the full thickness of the aquifer when the 
hydraulic gradient is 1 or 100%. 


Coefficient of Permeability (P): of an aquifer is the rate at 
which water will flow through a Unit cross sectional area of the 
aquifer when the hydraulic gradient is 1 or 100% (T = Aquifer- 
thickness XP ) 


As has been explained earlier, the tests may be called Aquifer 
Test or a Well Test. The Aquifer Test consists of pumping and 
measuring water from a well and recording drawdown in the pumped 


well as well as in observation wells nearby (see figure as. These 
data can show the characteristics of the aquifer. The measure- 


ments to be made for either test include SWL, pumping rate or 
discharge( Q in lpm), PWhs at various intervals, time of starting 
and stoppingof the pump, and water levels at intervals during 


recovery. 


_ Measurements of Pump discharge: 


rs 


_ 
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A valve ina suitable sized discharge line of the pump yrovides 
the best control for various stages of pumping; the valve will 
be half to three fourths open at stages. A simple method for 
determining the pumping rate 1S to observe the timerequired to 
fill a container ( say 900 litre barrel). If it takes 40 seconds 
to fill, the rate is 300 lpm. Such a method is practical when 
measuring small pumping rates. 


Water Meter; This may pe employed and is easy to use but causes 
delays in getting initial values at the start of a test when the 


rate is being adjusted to a desired level. 


Circular Orifice: is the most commonly used device for measuring 
pump ing rates and does not measure the pulsating flow from a 
pump. Figure 6 ghows essential details of construction and 
assembly. The orifice is 4 perfectly round hole in the centre 
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of a circular GI nrlate, 1/16" thick around the hole circumference. 
This is fastened square on the end of the 6 feet level discharge 
pipe and centred on the pive, the bore of which must be smooth 
and free of obstruction from turbulence. Exactly 24" from the 
orifice plate the pipe wall is tapped midway by a 1/a" *tea74 
hole fitted with a nippls; 2 small plastic tube 4 or 5 feet long 
is fitted tr this with ea miece of glass tube at the other end. 
The nipple serewed into the tapped hole should not protrude inside 
the pipe. The tube called the piezometer tube is placed vertical 
against an accurate sca’.e which is fastened absolutely vertical 
against the pipe. When water is pumped through the orifice the 
level in the piezometer represents pressure of water on the 
orifice. For any given orifice size and discharge pipe the rate 
of flow varies with pressure nead. Standard tables are published 
giving flow for various combinat:ons of orifice diameter and pipe 
diameter as shown in Table ¥ (a) and (>). The flow through an 


* 


erifice may ve calculated from: 6.02 Kk Ren 


where Q = flow per unit of time, gpm 
A = area of orifice in sauvare inches 
h = head over orifice shown on piezometer tube, in inches 
ana K = Discharge factor which may be obtained from graph 


in figure 7@ 
The precautions to be waken are: 


(1) the diameter of the orifice should be less than 0.8 inches 
of the inner dismever of the pipe- 

(2) the piezometer tube must be free from any obstruction and 
air bubbles. 

(3) the control valve should be placed correctly as shown in 
figure 6, and as a practice should be away from the pieze- 
meter tube at 4 distance of at least 10 times the diameter 


of the pipe 


— 


Vertical and Horizontal pine flow: 
Figure g shows the arrangemont 46 be made for measuring of flows 


le 


—h aee aemm 
taste fa) FLOW MEASUREMENT ny 
ee 


a ORIFICE TABLES 
The bles ’ 
following tables have been compiled ace Eesowren toe stared and Bowler, Incorporated, from orig 


6° Orifice 7* Orifice | 8° Orifice Meod 
im os 10 &. [im “it. 
f . Sue 10 in. rT) S : bd . 
80 


} . 

5.5 

8 

6s 

7 

7.8 

935 a 

963 8s 

2 9 

1016 95 

1040 10 

1060 10.5 

1080 n 

1100 | 1S 

1120 2 

1139 12.8 

1158 13 

1176 13.5 

1194 rr 

212 | 148 

1230 1$ 

1248 18.5 

too | ie 

1284 16.5 

1302 7 

nis || («7s 

i330 8 

1353 16.5 

1370 9 

1387 19.5 

1404 20 

1azt 205 

1438 nu 

1455 216 

4 ia7i n 

475 792 671 90 148 ns 

479 700 678 | 100! | 1500 nu 

484 768 eas | 1orz | sis us 

488 7% 692 | 1022 | 1529 “ 

2 784 oo | 103) | ise) 45 

4% 71. | 70H | 106) fF 1857 s 

$00 798 73 1ose | tsi ss 

$04 aS 720 104 sas » 

sos | 612 | 727 | 1076 | 109 | Bes 

512 ais 74 104 toi) 7 

; $16 ans 7a 1094 | 1027 vs 

14 20 4} a 7a? | 1104 | joel s 

H s14 | aye | 78a | tite | toss as 

$28 aae ae ee ad n 

2] as Wie | ep | 88 

436 as? 773 7 ited | tear bed 

$40 to) yao fo nisy five wes 

: rs ee ee 4 

; wef se) ML tin] we) ms 

so) cr) me pe | ie) 8 

sso | ane m | iwi Se 

son aos ait | ttoo | tt » 

fo} or | ss | noe | ie | os 
Soa wo) are ta hed cel : 

$72 | oy | fy f tn? | te) ote 

96 aie ae wit tay? a) 

; $0 o gat | ites tate us 

ina 1 | Ger | tas | tet 


i 
: 


fot was — 


FABLE Yb FLOW MEASUREMENT 


4 Sacer ORIFICE TABLES 


“A 

47." 

472 

474 

476 

478 

480 

482 

485 

437 

| 

om 

revy 

A 

‘a 

$02 

04 1 

4 

si) 241 | «1110 
1 1246 | 11D 
sis 790 1250 Wh7 
$17 793 1254 1120 
518 79% 1299 1124 
$20 799 1263 1127 
a 862 1268 | (1D) 
2 805 1272 He: 
$24 a08 1276 137 
$28 1140 


sh ke Ai li lea at a tisk ab mort non eae 


SAW SEER cl We 


“ie 


NO a Sh ot 


oe 


“WEP aYUO Jo o ye 


BD STAT Pin 


a 


am 


nell 


— 


‘ 


~ 


49 
‘= 
a“ 


through open vertical pipes. Table PI may be used to ontain pre- 
calculated values. Figure and Table WII are correspondingly 
for flows through an open horizontal pips. 


Water Level Measurements: Water levels should be measured to the 
mearest 1/4 inch during pumping, at shorter intervals during the 
first two hours «as follows: 


First 5 minutes - every = minute 
Next hour - = 5 minutes 
Next 2 hours ~ " 20 minutes 
Beyond 2 hours ~ "ewe 


In the observation wells the readings should be taken as follows: 


First hour - every 2 minutes 
Next hour - eS 
Next 2 hours - " O23 
Beyond 2 hours - " 20a 


Automatic recorders may be used for these observations, but may 


not be readily available. The usual means employed are the 
electric sounder, the wetted tape method and the air line method. 
‘The electric sounder consists of an electrode suspended by 2 
‘insulated wires and a meter indicate a close circuit when water 
evel is reached; torch light batteries supply the current. 
( Refer Figure 11 (Q). As water level drops, the electrode has 
o be lowered and the change can be measured on the wire which 


Ae marked at 5 ft intervals. 


B.,. wetted tape method is a very accurate method which 
lowering of a measuring tape weighted by a lead piece and its 

lower parts coated with carpenter's chalk, When the tape dips 
into water the point at which it is held at the measuring point 
is noted and from it the reading marked on the chalked portion 
by the water level at the lower end, is subtracted giving an 

accurate reading of the water level. This can be used for wells 


“upto 100 feet. 
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Table. jv WELL DIAMETER VS YIELD 


RELATIONSHIPS 
DRAW DOWN 
BETWEEN PERCENT 
AND SPECIFIC CAPACITY FOR 


WATER TABLE WELL 


NEOUS WATER TABLE 


Per cent of maximum yield 


BETWEEN 
AND YIELD AND 
DRAW DOWN 


PERCENT 


IN HOMOGE- 
AQUIFER 


Fey cent of maximum draurdown 
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The air line consists of a small diameter pipe (commonly copper or 
brass) from the top of the well to several feet below the lowest 
water level anticipated; the exact length of the pipe should be 
measured. The pipe Should be absolutely vertical and airtight. 
The upper end is fitted in suitable connections so that a valve 
and ordinary tyre pump can be fitted and air can be pumped into 
the tube, A tee is provided to which an air pressure guage is 
attached as shown in figure 11 (b) vreferably showing feet of 
water rather than pound per square inch (psi). This works on 
the principle that the air pressure required to push all water 
in the submerged portion of the tube equals water pressure of a 
column of water of that height. - Thus air is sent into the aix- 
line until the guage shows a maximum constant, indicating that 
all the water has been forced out and water pressure expressed 
in feet of water shown by the guage indicates the water level. 
This may be calculated from: 


B=L-1 


where d = depth to water 

: L = Length of air line 

ana 1 = pressure head represented by a column of water of 
i height equal to the submerged length of air line. 


of extractable amounts from a well: 


a already mentioned a test ona well is carried out for 
capacity, measurements of depth to water and pump discharge. If 
2 well is pumped at the rate of 200 gpm with 25 feet drawdown, 
the specific capacity would be 8 gpm per foot drawdown; this 

is not constant for various pumps discharges. It does not 
follow that if the drawdown is doubled the pumping rate would 
be doubled to 400 gpm. Hence it is desirable to measure 
rawaown at different pumping rates plotting 4 curve of drawdown 
esi nat pumping rates. The water levels should be measured at 
‘aifferent rates and always ensuring that the pumping water level 
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as stabilised long enough at each pumping rate vefore the dis- 
sharge is increased, This may hence require several nours or 

jays of continuous pumping. Tt is also advisable to record 
recovery of the water levels. As the vlantations would need only 
such simple tests, the aetailed tests for determination of aquifer 
parameter like permeability etc,, which require installation of 
observation wells has now been jealt witn here. The tests for 
determining capacity should be carried cut for at least 4 different 


pumping rates. 


The extractable water from a well is generally calculaved for 50% 
d@rawdowns so as to avoid possible overaraft. Figure 1@ shews the 
relation between percent drawdown ana vercentage yield and between 
percent drawdown and specific capacity in an homogenous water table 
aquifer. 

It can be seen that ib is uneconomical +0 operate a well with a 
drawdown greater than 70% of the maximum. At 70%, 92% of the 
maximum yield is obtained 1-.¢. within 8% of the maximum. To obtain 


‘the additional 8% requires en additional 30% of drawdown: the 
extra cost in pumping would be 


in yield. On establishing tne known ext 
nead, 2 Suitable pump cat be selected. 


out of proportion to the increase 
ractable yield from a well 


and determining the total 


ee 


eae ee 
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as oh, 


‘nvestigation for and Estimation of Surface Water: 


Is mentioned earlier, in estates, the major sources of water occur 
f the steep topography and 


in the form of surface water because ol 
Surface water originates mostly 


other morphological conaivions. 
These include 


from rainfall and contribution from ground water. 
rivers through valleys. 
Before we proceed further it is 


small upland streams and The stream would 
be perennial if fed by springs. 


Liarize oneself with certain terms related to 


necessary to fami 


surface water. 


is whe rainfall measured in inches or centimetres 


daily, monthly or annually as desired. 
es the depth of +otal rainwater spread 
are applicable. Pericd- 


ical rainfall data col: importance fcr any water 
The data may be analysed for dairferent purposes 
for impounding 

erosion control 


Precipitation: 
and may be recorded hourly 


~ 
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The depth of yrainfali dencs 
ro area 

over the entire, for which the measurements 

Tectien is of utmost 


resources scheme. 
eg, drought prediction, 
structures for irrigaviot 


vate 
we 


and so on. 


erop design, yl anning 
and water supply schemes , 


on the 


ne precipitation that flows 
This is 


of soils towards streams. 
face runoff or pase flow 

g maybe classified into 
The svorm runofi is 


: 
Runoff: is the portion of % 
der the sucface 


5 
surf ace or un 
ef and sub-sur 


called the surface ruil0 
The runoff from watershed 


off and base flow. 
diately after 4 st 
A portion of 
of the warershed; part of 
vstant rate in the 
s causing the 
a to whe 


respectively. 
two groups as storm run- 
the runoff during and ime 
period of heavy precipitation. 
would be absorbed by the soil cover 
this is released later at a more or less co 
‘ferm of affluent seepage into she stream course 
‘pase flow. Though nerenrial springs from rocks also ad 
“pase flow, this is normally act included in the run-off 
calculations. 

‘Annual Yield from Wate 


Pe 


run off due %0 the cumula 


arm or very shoru 
the precipitation 


+otal volume of surface 


r-Shed: ‘This is the 


tive effect of +t year. 


he rainfall in a 


molar 


Sy ty A 
mf 


‘he major factor that determines the annval yield is the annual 
rainfall ,water-shed area, soil cover and physiography. There 
are a number of emperical formulae +o determine the annual runoff 
Por different parts of the world. However there iS no single 
aniversal formula yet as the parameters are complex and varying 
in their absolute value. Thus for each water-shed we could derive 
a unique formula. However, for the plantations of South India, 
the formiladeveloped OY TCAR for the Nilgiris may be applicable: 
Bo 0.464P A ‘ds 
where R = Total runoff in cms. 

Pp = Annual rainfall in cms. 

A = Watershed e#ree in Sq.km. 


The total volume in cubic metres is obtained by: 


RA x 1000 X 1000 
100 


Vv 


RA X 10° cubic metres 


The rate of run-off is called discharge. This is 
ke intensity of rainfall, 
of the watershed, 
terraced lands)etc. 


Peak Discharge: 
influenced py several complex parameters 1i 
soil characteristics, steepness and shape 
land treatment factors (like 
shed the peak discharge is the maximum 
duration and intensity of rainfall. 
for the 


_wegetal cover; 
For a particular water 


rate of runoff for 2 given 
Several formulae are used +o determine the peak discharge 


_ purposes of designing structures across streams. Determination 
of peak discharge involves choosing the maximum rainfall intensity 
that may occur in a given return period. This period is usually 
the number of years for which the structure is to be designed. 
‘The meteorological department has ready reference maps of rainfall 


intensity of India for aiffe 


rent return periods. 


determine the neak discharge is 


A ready reckoner nomograph to 
A sten by sten method to use 


_ given in Figures fA(2) +9 JBC4) - 
Table\Z. However for assessment of 


his graph is given in 
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RAINFALL INTERNS TY FOR DURATION im DIATE O(rmanfbe D 


Fig.QQ¢¢) Relationship of one hour rainfall inten- 
sities at other durations (converted and redrawn 
from G. A. Mathway, Military Air Ficld-design 
of draimave facilities, Trans. Am. Soe. Civil 


~ Engineers 110 : 700, 1945), 
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“Fig.(Q.(4) Chart for Estimation of Q peak by Rational Method. 
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*. TABLE Vj. 


Rational Method 
1 
Q= 10 CIA 
Where, Q eee’. We i runoff in cubic metres per second (cumec) for a given frequency of 


C =Runoff co-efficient [(Table I (a)]. 


I =Intensity in mm per hour for design frequency for d 1 : 
concentration (Tc). ore y for duration equal to time of 


A =Area of watershed in hectares. | 


Procedure : 
(1) Determine the area under various land uses and soils. 


Taste I (a). VALueEs or C FOR USE IN RATIONAL FORMULA 


EE EL 


Land use 


Soil type 
Cultivated Pasture Forest 
Se 
With above average infiltration rate, usually sandy or gravelly 0-29 0-15 0:10 
With average infiltration rate, no clay pans, loams and similar 
soils 
With below average infiltration rate, heavy clay svils or soils 
with a clay pan near the surface, shallow soils above imper- " 


(2) Compute weighted “C’ for the watershed: 
AaCit ArCatAsGat any 
A 


caw C6 


Where, Ai, A, and Agetc. are the areas in ha under various ldnduses and soil types having 
corresponding value of C,, Cy and C, etc. respectively [from Table I (a)). 


*, A=Total area of watershed in ha. 


(3) Determine the time of concentration (Tc) from Fig. 3 (a) by using maximum length of 
flow and fal! along the line. 

(4) Determine the 1 hour iatensity for the design frequency from Fig. 3 (6). ’ ; 

(5) Convert | hour intensity to intensity for duration equal to time of concentration from 


Fig. 3 (¢). 
of runoff, enter at area of the watershed in ha to 


Using Fi , estimate the peak rate 
® the ig. 3 (4). ue determined in step 5, turn horizontal to the weighted value of “C’ and 


read along Q peak. 


Example : 
' peak rate of runoff for 10 years frequency from 25 ha watershed 1” mecca 
. i , forest cover . Theareais : 
Sand 5 ha. under cultivation and grass respectively pap ciple gs 


a 15x0-54+1:5x0-4+5x0'45 . 


i ee-4? 
“hy For L= 700m, H-=Sm, T--0-38 hour-=2t minutes (from Fig. 9 (a) 


4) 1 hour rainfall intensity for 10 year frequency at defined location = 105 mm/hour [from 


. Fig. 3 (b) (i)). 
(4) Trem Iq, minutes = 175 mm/hour (from Fig. 3 (¢)]. 


vate of runoff=5-7 cumec (Q peak) {as shown in Fig. 3 (@)). 
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Surface water the peak cischarge has Little relevance. 


Base Flow: of any stream is vory important and can be measured 
directly with simple techniques. The base fiow measurement data 
(stream guaging data) ‘or different months of a year, collected 
for a peried even as short as 5 years gives very relaiable in- 
formation for designing water supply schemes. The base flow is 
maximum immediately ater the monsoons and gradually decreases 
to a minimum during peak summer. The fact that some streams 
cease to flow a few months after the moasoons does mot necess- 
arily imply that data of base flow for these streams are not 
dependable. With proper planning and suitabie structures tnis 
water can be used when available, while the excess can be 
conserved for use during lean perieds. The simple techniques 
for measuring the surface flow in streams are dealt with 


separately. 


Rainfall analysis: The rainfall analysis as mentioned earlier 
may be done for various purposes. At present, we may be using 
rainfall data for limited purposes only. But with the advances 
ment of technology and increasing demands every aspect of rain 
fall, like its hourly, daily and monthly distribution, its 
consistency etc., may have to be minutely studied end analysed. 
Precautions may have +o be taken for even the smallest deviation 
from the projected trend. Therefore, rainfall data should be 
recorded and maintained promptly, ineidently this does not 


involve any major expenses -« 


In plantations, the rainfall analysis can be done for the 

following purposes; 

(a) Estimation of runoff from watersheds 

(b) Determination of nes% water requirements 
crops for aifferent months. 

(c) Estimation of runoff from watersheds. 


for plantation 


a 
4 


Prediction of drought years, its severity and return periods will 
help im justifying the extra funds required for buffer storage of 
water, conservation measures, exploitation of perennial sources 


at extra cost, etc. ~ 


It may be noted that drought is a relative term and the concept 
that places having higher rainfall will have lesser nr no droughts 
is baseless. Drought is a phenomenon during which the moisture 
eontent of the soil, the water table and the baseflow in streams 
gets depleted to such an extent that plants and all Living 
ereatures find it difficult +o survive. Drought occurs normally 
at places where the variability of rainfall is very high. 


The formulae and statistical methods of drought analysis is nov 
dealt with, as this is beyond the scope of this Seminar. For 


ealculation of the available surface water fron rainfall and 


subsequent runoff in plantetious, the mean annual rainfall figure 


is sufficient. 


‘Evaporation and Evapotranspiration: 
> 
e from all surface water bodies at different 


Evaporation takes plac 
evaporation losses 


‘rates for different times of the year. The 
are of significance as far as open storage reservoirs are 
‘concerned, though it is not so for the schemes based on the flow 

: ete. In the design of open reservoirs 


‘ 


in streams, wells, springs, 


the net capacity is arrived at 2 
d in cms, or inches. 


fter deducting the +otal annual 
Though there are several 
of evaporation, the 


evaporation, measure 
complicated formulae to determine the rate 
most practical and useful is that proposed by Rohwer (1931) 


=< © € Bagged - 0.0186 B) ( 0-44 * 0,116 Ws ' g:c ee ) 
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here E 
C 


Evaporation 11 incnes 
Coefficient varying between 0,5 to 0.99 (usually taken 
as 0.75) 


n inenes of 


rie vressure at 30°F i 


The. mean barcmet 
mercury bar. 


B 
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20 
W= Mean wind velocity in mph 
e,= Mean vapour pressure of standard vapour at temperature of weter 
surface in inches of mercury bar. 
eqn, x relative humidity. The following Table, WI gives the 


ee = ' ia 
approximate values of e, tor different air temperatures. 


TABLE WI 


—— i ee 
————$>_ — — 


Air temperature 


Air temperature 


in °P i, in °F “s 
205) Se 

0 0.0383 50 0.360 

y 0.049" 55 0.432 

10 0.0031 60 0.517 

y 8 0.0810 65. 0.616 

20 0.103 70 0. T52 

25 0,130 ie) 0.866 

30 0.164 80 0.926 

bb) 0.205 85 1.201 

40 0.247 90 1.408 

45 0.298 95 ' 1.645 

100 1.916 


cae 


——— 


——— 


The values of relative humidity, mean pressure, mean wind velocity 
etc., can be obtained from the nearest meteorological station or 
pase. Care should be token to convert all the values into the 
ynits specified in the above formula. 

Evapotranspiration is the combination of evaporation from the 
soil and transpiration fromm plants/trees. Though this is 
significant in estates it does not appreciably affect the Losses 
from reservoirs which we are more concerned with as far as water 


supply is concerned. 


Simple methods of measuring stream flow: 


The stream flow is measured periodically at regualar intervals 


geti/? 


oO }— 
preferably daily during post monsoon months and fortnightly 
during summer months. The discharge data is recorded and main- 
tained separately for different streams. The exact location ot 
the guaging point should be marked on the estate map. The 
standard units of discharge are: Litres ver second(1lps), cubic 
feet per second(cusec), cubic metres per second (cumec), and 
gallons per hour (gph). The various methods applicable to 
plantation streams/rivers are: 


(a) Area velocity method (Float method) 
(bo) Rectangular notch 
(c) V-notch 


(a) Area Velocity Method: This method involves measurement of 
velocity of the flow using a float. The time taken for 
a float to travel a given distance ( minimum 20m) is noted 
using a stop watch. The velocity is obtained by dividing 
the distance by the time taken to travel ( in seconds). » 
The area ef cross section of the water is calculated thus: 


The average water depth is determined by measuring depth 

of water at an interval of 0.25 metre across the width of 

the stream. The area obtained in sq.m is a product of 

the average depth of water ana stream width ( wetted portion). 


The discharge is then calculated by: 
Q = 0.8 AV 


where 0.8 is 2 velocity correction factcr. 
Q = discharge in cumec 

A Gross sectional area in m 
V Velocity in metres/sec. 


This method ghould be adopted where; 


- relativel straight sourse of atleast 
+he stream has 4 a y ee 


z 


- i flow should be through a single channel with 
nics lmel almost uniform width. 


—~ the flow should not be very turbulant. 


a: jks . .2e/* 
c v7 - 
(ile COPANTyY az TAC 
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(©) Rectangular welr: This method is adopted for discharges 
. - or 
in the range of 0.05 to 0.15 cumecs ana involves ia convrol- 
: a - 
ling the entire flow over a fixed rectangular cuoastriction. 


= . S53 | ee 
The details of the construction are given 1n figure(A ano 


is based on the following formula: 
Q = 0.0184 IH 7/2 


where Q = Discherge, !ps 
L = Length of opening, cms 


om 


H = Height of water over weir, cms. 


The TableNII gives values of discharges through contract3ec 


: rectangular weirs. 


(ec) Vs notch weir: Tne principle imvelved 1s the same as tat 


; of a rectangualr weir excep ‘- * the opening will be in 

i : ' ~ 

| the shape of the letter V. The most coumonly used Ynotch 
> : 9) 

= is a 90 V-notch. These are used to easure discharges 


less than 50 1ps, And are based on the tormula: 
Q = 0.0138 H ?/2 


where Q = discharge, 1ps 
H = Height of water over the V-notch, cis - 


Figures | (a) and |A () give the details of coustructloL 
and installation of a V-notch. The TableVEHW gives che 
values of discharges for aifferent heights of Water, OVeE 
the V-notch. 

Assessment of flow thzough the streati bed material: 


If the stream bed consists of sand, grevel and Like 
mate -rials , there is a possibility of some sub-surface 


_ ae! ‘A an MA 
Pa) 


flow when the surface flow is nil or negligible. 
assess this there may be several formutac 2na indirect 
methods, the most reliable is by actua!. pumping. 


A pit witha diameter of 2m ( at bottom) and depth to tre 


3m, whichever is less, is aug in the 
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TableVII: Discharge through contracted rectangular weirs 
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Stream bed when the stream ceases to flow. 


The procedure is similar to that for estimating yields in open 
wells dealt with under " Determination ef Well Ylelds" described 
ecarbter. However,since the bed material is expected to be sandy 
formatien with a Comparitively high flow, unlikewells in rocks, 
the permissable drawdown could be taken as 70%. 


Assessment of extractable amount of water from each source: 


Having assessed the amount of surface flow and sub-surface flow, 
it iS important to decide the amount of water that should be 
extracted from each source. It is not advisable to extract 
entirely the available water. However, it is difficutt to 
lay down a norm as to how much water any individual or any group 
are eligible to tap from a surface water source. mis is 4 
policy matter to be decided by Governmental authorities and 
vary from catchment to catchment. However, we may lay down a 
norm that any stream or river entering into the estates from a 
distance should be subject to an extraction of only 20% of its 
Minimum flow. An estate may or may not have full rights over 
a stream originating within it. In short it is best first to 
obtain clearance from the comnetent authority befere extraction. 
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The Need for Planning: 


Several water supply schemes have proved to be ineffective or have 
failed to functicn smoothly due to improper or no plenning 

oer rural or urban, adhoc measures have been Eeaorted a in 
trying to set right water supply systems. Though this may yield 
temporary solutions to various . problems, in the leng run however 
these may have added to tne malfunctions of the already re iiee 


schemes. 


Having properly assessed the requirement and the available water 


resources for extraction, planning involves: 


(a) Selection of optimum number and appropriate locatioms of 
points of eatraction. 
(bo) Selection of mode of appropriate treatment depending on the 
quality of each source. 
(ce) Adoption of appropriate layout of conveyance and supply 
network based on availability and quality of each source 
and the requirement and proximity of consumer points. 


(a) Inclusion of an efficient sanitary and sewage disposal 


scheme. 

(e) Preparation of a Water Supply Man of the Estate fer future 

9 guidance and design. 

While planning it is imperative to bear in mind that the cumulative 
available resources should be distributed equitably. This does 
otal available resources are necess~ 
distribution. To illustrate 

A,B and Cc for three ronsumer 
ever A does not meet the 
a surplus 


not mean however that the +t 
arily pooled at one point before 
this, an estate has three sources , 


a,b, and c respectively. How 
B meets b'S requirement , whereas C has 
Thus the cumulative resources A,B, 


points 
requirement of a, | 
which can clear the defict of A. 
and Cc meet the requirement of the whole estate. 


Topographical Man of an Estate: 


showing all the yhysica 
nly for water supply but also 


A base map 1 details of an estate is 
indispensable for planning not oO 


Re i: 
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for many other future purposes. Such a map is called a topo- 
graphical map. A map to the scaie of 1; 43000 would pees the 
purpose of a base map for planning for water supnrly in estates. 
This map should indicate: 


(a) The contour lines with atleast 10m interval 
(6) All buildings ) 

(c) Roads 

(a) Streams and Springs 

(e) Areas under different rlantations. 


Location of sites for extraction of waters 


The sites of extraction should obviously be so located so as to 
provide: 

(1) adwquate suprlies 

(2) better quality of supplies as far as possible. 

>) sites as near to the consumer points as possible 


Site locations for Groundwater Lxtraction: 


Groundwater resources may be exploited by means-of wells and by 
tapping Supplies from springs. The type of well would be deter- 
‘mined by various factors like topogranhy , geology, structure of 
formations etc. In most plantations, shallow open wells would 
se favourable; the yield from weak aquifers being low, large 
storages would be required. In some favourable settings bore 
holes could be considered where deep zones are exnected. Springs 


may occur in many areas. 


Open wells would be sited at the Lowest rnoints possible as the 


natural surface as well as subzsurtrace water would drain towrds 


In most cases the nerennial flow being maintained 


these points. 
well near its 


ir the stream enhances groundwater supnlies in a 
| +he water table generally follows the surface 
on higher elevations may be exrected to 
eater derths and in lesser quantities. 
stream) as 


rce. Besides, 
fF the ground; places 
tap water at relatively gr 


ne 


Whilst the well needs to be as near to the river ( or 
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possible, it must be protected from pollution and so should ove 
away from direct surface flows which are likely to be highly 
polluted. 
Drainage from areas above the wells should be diverted away. The 
_ water then percolating through the soll medium is expected to be 
naturally filtered. Wells should be at least 50 feet away from 
toilets, cesspools etc.. It nas been studied and concluded that 
faecal bacteria travels through fine sane upto.<5 feet. ike 
_ location Should also be so selected so that direct inflow is 
| preve-niead at times of flooding. A parapet wall about 2 feet 
_ above ground level around the well would be an added protection. 
~The ground should also slope away from the well. When selecting 
 +he cite, one should also bear in mind geological conditiors: 


3 


a site where a deeper weathered zone is suspected would be 


! 11 to well spacing should be 500 feet norually 


Spreterably Suited; weil % 
but ceperding on local conditions it may 9e 


> 300 feet OF Less. 


sited as near as 


“Springs ( see figure 45) should be tapped as close as possible 


to the point where they emerge at the ground surface by 


‘construction of a suitable storage chamber. The surface drainage 


from above this point shoule be dive 
cice of the site of a spring is not ours, 
te,, away from springs, 


“ted to avoid contamination, 


Of course since the ch 
adequate precautions +o site latrines, ¢ 
ghould be taken. | 


Site Locations for Surface Water Extractions: 


Having assessed the amount of surface weter, both in the form of 
‘pase flow and the nev yield from “he water sked it should be 
nossible to locate the point of extraction keeping ia view the 


points discussed earlier. 


points are Located near wne streams/rivers 
The 


River Lift: Fiver lift 
surface flow throughout the year. 


paving a continuous minimun 


me 
sther points to be considered are: 


»4/> 
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(a) The flew should be concentrated near the bank of extraction. 

Smeeeene polmssor extraction to be loeated at or as near as 
possibile to the point where the depth of flowing water is 
maxlinum. 

(ec) The extraction points are best guited at points where there 
is a pond /pool in the stream which coilects ali the fiow 


before allowing overtlow downstream, 


Jack Weil: dack wells are located on the banks of streams with 
surface flows for a few mouths and have sufficient sub-surface 
flow through the sand-bed material, during the rest of the gyear. 
The criteria for selection of the noints for jackwell are: 

(i) Good thickness cf sand, gravel or unconsolidated sediments. 
(ii) Good thickness of loose overburden with high sand ratio. 
Gii) Availability of foundation strata within reasonable denth. 


_ 
§ 
o 
: 
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Layous of Conveyance and suonly network: 


Once the locations of the pcints of extraction, vaits of treatnent, 
and the consumer polnts are determined, the layuuv of conveyance 
system can be done with the help of the basc map, as given below: 


4 ohne consumer points to be covered by each point of extraction 
are grouped together cn «he basis of availability at scuice 


and requirement , proximity and accessibility of the consumer 


points. 
2, the points of delivery are marked for each grouv. These tay 
be: 


self, where one single serarate pipe 


(a) The consumer point it 
e consumer nolnt from the source. 


may have to be laid *to th 
(bo) A point almost equidistaat trom all the consumer points. 
i This point should necessarily be in the 
metres above the highes* consumer poine 


range or 10-20 
of that group. 


Tf the highest consumer point of a group ig more than 20 metres 


‘aAbuve delivery point as mentioned above, it is advisable t5 


* 
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provide secondary pumping stage from the delivery point to the 
highest consumer point as shown on the man of a Tynical Estate 
( figure 16). 


Once the points are determined and marked on the base map, the 
layout is completed by Connecting these points by straight 
lines. The pressure pipes and gravity pipes are marked separate- 
ly. For futther illustration in this regard refer again to 
figure 16. 
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Intake Structures: On completion of the assessment and planning 
of a water supply system, proper designs for intake structures 19 
tap, store, collect, or impound water must be drawn up as the 
first step. The proper design of intake structures are of 
primary importance as defective designs result in over- or 
under utilisation of the resource resulting further in adoption 
of adhoc measures at higher recurring costs. Intake structures 
for plantation water supply schemes are: 


(a) Protected storage chambers for springs. 
(vo) Open wells 

(c) Bore wells 

(da) Weirs 


‘(e) Jack/Collector wells. 


Springs: The springs issuing out from fractures or joints in 
rocks are best suited for tapning because: 


- They are of relatively good quality requiring little treatment. 
- They are more reliable and continuous, seldom influenced by 


the low rainfall of a particular year. 


In plantations, they occur in the mountain streambeda and steep 
escarpments. The other types of springs in plantations are in 
fact the sub-surface runoff through the soil cover which add to 
stream flow. Supplies from such springs are often contaminated , 
and highly influenced by the variation of rainfall. 


res discussed in this section are only 
des of the steep escarpment and if tapped 


at this point have 10 Scope of contributing to the surface water. 
g in the streambeds maybe 


The other kinds af springs occurrin 
tapped by 2 jack well. the design details of which are discassed 


Spring protection structu 


later. 


Spring protection structure: A Simple structure to protect and 


tap springs from rocks on the steen escarpments, 1S 4 square 
chamber constructed over the actual point where the spring issues 
at the ground surfaces. The sectional view is shown in figure 
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15. The standard size is 3M X 3M. The height of the chamber 
depends on the water level in the chamber and the ground slope. 
The walls are of concrete and should be keyed to the rock by a 
minimum of 0.3M. The surface water from above the spring 
should not be allowed to accumulate near the chamber, A drain 
on all sides of the chamber may be provided for this purpose. 
The R.c.c. Slab on top will have a manhole of 0.8M X O.8M for 
periodical inspection. The bottom of the chamber should be 
excavated till the fresh rock is encountered. 

The syphon pipe should be of etivanized iron, the diameter depend- 
ing upon the discharge of the spring and the difference between 
the delivery point and spring chamber. 


Design of Open Wells In Plantations: 


As has already been explained earlier onen wells would be best 
suited for tapping ground water resources as these are capable 

of storing large supplies during a given recovery period and 
available supplies can be obtained at relatively small draw- 
downs ( unlike borewells) in relatively short veriods allowing 
for long non-pumping recuperation periods. They expose a greater 
surface area of the aquifer for infiltration. The most imp- 


ortant zone is the weathered zone. 


The size and depth of an onen well will depend to a great extent 
on various factors like geological formations, structures, yield 
expected, water table fluctuations, etc. For nurposes of Ilius- 
tration the typical wells that could be sunk are shown in figure 
tga to tgc. Although several different conditions may exist, 
pasically the size and design would depend on the denth at 
which groundwater is encountered and on the quantity. Referring 
te figure 1% in the case of A, the water is encountered in 
highly weathered or decomposed formation which needs lining 

of the loose formations in the well upto the bottom. The 
diameter does not need to be more than 5-6 metres with denths 

of about 7.0 metres. In (B) the well taps a sandy formation 
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which yields water. The lining here should be conerete rings 
above which stone/bricks in cement mortar could seal off the 
top soil zone as in A. Concrete rings facilitate construction 
as the sides of the well tend to cave in as excavation progresses 
necessiating simultaneous digging and lining which cannot be 

done in the case of brick or stone. The concrete rings also 
called pressure rings) sinks as digging nrogresses. The depth 
does not need to be as much as in (A), say 4.5 to 5.0 metres 
but the diameter should be large say 7-8 metres. In case of (C) 
the well taps groundwater in hard, fractured rocks, here the 
depth may have to be more but diameter will need to be controlled, 
to reduce cost which could be petter utilised to »enetrate denth. 
Thus a well ef about 8-10 metres with diameters of about 6 metres 
would be necessary. Lining of stone/brick and cement would be 
needed only upto the level where hard rock is encountered. In 
all the three cases it is advisable to have a narapet wall 

2 feet about ground level to act as a protective cover for direct 
inflow in times of flood or heavy rains since these wells would 
generally be quite close to surface drains or streams. It must 
be mentioned here that denths and diameters suggested are aot 
absolute and have tc be decided at site since conditions vary 


greatly. 


In case of well which may have struck hara rock, horizontal 
drilling may enhance supplies from joints or fractures while 
vertical extension boreholes could further augment the supnlies. 
This however will have to be decided denending upon the pros- 
pects. The lining in all cases must ensure that surface 
contamination is sealed out. 

Parapets should have a platform of concrete around the well 

As far as nossible the ton should 


and sloping away from it. 
+o keep out nossivle contamina- 


be covered by 4 nroper gauze 
tion by direct withdrawal or by entry into the well. In many 
Localities however, the well maybe utilised by direct withdrawal 
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by rope and bucket. In such cases it is »vreferable to cover 
the top and provide a handpump thus eliminating possible 
contamination. 


Open wells should be preferably rectangular rather than the 
traditionally accepted circular types. Larger cross sectional 
area Will give more chance to cut across fracture zones and 
thereby increase recharge. This also vrovides larger storage. 
The longer side of the rectangular well should be normal to 

the trend of the fracture system to ensure begter yield. Walls 
Should also touch basement (fresh) rock as the top of the fresh 


‘rock is likely to be a more fruitful zone than. the remaining 


part of the weathered zone. 
Design of Borewells In Plantations: 


Borewells are sunk when deep weathered zones with viable supplies 
are suspected and digging to such depths would be uneconomical 
or impractical. This would also be the case where fissured 

or fractured zones are expected at depths in hard rock. 


Down the hole hammer drilling is commonly employed in hard rock 
terrains such as plantation areas and in fact most of Peninsular 
India. These are high speed drills using comnressed air as the 
power driver. Some old fashioned calyx drills may also be used 


in water well drilling in hard rocks. 


A typical borehsle section is shown in figure 19. The depth 
is determined vefore drilling : generally it is about 
45-60 metres (150-200) feet in granitic terrain or about §& 
metres after striking 4 productive zone. Yields are expected 
to be varied put for a drinking water well a yield of 450 LPH 
would be considered successful in such terrains. The diameter 
is generally ( 101 = 152 mn) 4-6". The well should be as 
vertical to enable installationof a suitable lift system later 
on. in figure 18 it can be seen that a casing pipe has been 
inserted upto the point where loose or very soft formation 


ends. This saves the well from peing filled up by caving 
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in of the overburden ( soil, clay, very soft and decomp osea 
material). This is done before any further drilliug which then 
continues unhindered till the well has been completed. There 
is no need for pine casing once farm rock is struck. Hewever, 
in some exceptionally rare cases silt enters the well from 
fracture zones in firm massive rock. In such cases the 2ift 
system should be operated by compressed air. 


The top casing acts as a protection against contamination by 
infiltration from shallow zones, in addition to keeping the 
loose material in place. In cases where the well is likely to 

be polluted easily, a cement grouting may be provided as follows; 


on completion of drilling of the overburden or atleast 5 metres 
depth the bore hole is widened or reamed ( say from 6" to 12"). 


The casing 6" ( I.D.) is then inserted and the space around ($") 


on all sides of the casing is packed with cement concrete. This 
acts aS a seal to possible heavy filtration. In most cases 
this may not be necessary. A cement concrete platform around the 
well with a slope away from it is a must however, and the casing 
pipe should be protruding about 0.5 to 1 metres above ground 
level depending on the well site location. 


The borehole must be flushed with air on completion oc drilling 
until water emerging is clear of all sediment indicating that it 
is clean. In most onerations it is possible to estimate tne 
yield roughly using the compressed air and V-notch. Boreholes 
in hard rock terrains are generally expected to yield good 
quality water and may be safe for drinking direct from the well. 


In the design of borewells and dug-wells, the increase in diameter 


not necessarily meana proportionate increase in yield 


does 
Table VEE shows the relation between diameter 


can be expected. 
and yield. 
These are essentially from 


Lift from continuous surface flow: 
There are t¥c categ= 


streams having a continuous minimum flow. 
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ate 
ories under this types 
(a) Lifts requiring no intake structure. 
(ob) Those requiring a weir to create a depth for pumping or 
enSure power head flow for hydrams, 


To avoid provision for Storage at the intake the rate of extraction 
Should be minimum with maximum pumping hours. A low pumping rate 
will also reduce the Space and cost require-d for treatment and 
Storage chambers. Hence the designs given below are based on the 
assumption that there is little or no Storage required at the intake. 


These are best located on the banks of rivers which have a deep, 
concentrated flow, or a natural sufficiently deep pond that collects 
all of the flow befecre allowing overflow close to the bank of 
pumping. In cases where such concentrated flow or pond is situated 
away from or near the opposite bank of the point of pumping, the 
Suction pipe will have to be extended to extract water. 


Weirs: Weirs are solid walls constructed across a stream or river, 
having a relatively lesser height. The purpose of a weir is not 
to create storage but to raise the level of water and thus fac- 
ilitate convenient extraction by pumping or by gravity. In the 
present context of water supply in plantations, the height of 
the wetr need not be more than 1 metre above the highest point 
of the stream bed. The ton width should be 1m, the upstream 
Side of the well vertical and downstream side with a Slope of 

1 horizontal to three vertical. The foundation should be at 
least O.3m keyed into the rock or in concrete 0.25m thick and 
1.5m below the ground level at any noint along the section, 
whichever may be the case. The length of the weir denends on 
the slone of the banks. For details refer to figure -9. 


Jack wells are cylindrical shafts 


Jack wells/Collector wells: 
The 


eonsisting of R.C.C. rings sunk in a stream or river bed. 
bottommost ring ahould be keyed at least 0.2m to rock or rest on 
a zoncrete ring of 0.3m wide and 0.,25m thick. The concre-te 
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rings may be necessary if the rock is not struck within reasone0le 
de-pth. The depth of the jack well is determined after assessing 
the site as detailed earlier, but normally need not exceec Sm, 
the diameter of the well (R.C.C.) rings should not exceea om and 
the minimum thickness of the concrete rings should be 15¢mm- A&A 
slotted pipe of 200 mm diameter is embedded in the conerete rings 
at a level of 3m above the bottom of the well. Sinee 

well is usually located near the bank of the svrcam, the pipe 
should be extended across the stream to end in the nearest pocl 
of water. The open end of the pipe shcuid ve vovere 

mesh. The upward gradient of the inlet pine ¢ slotted pipe) away 
from the well is usually 1 in 100. The concrete rings should nave 
1410 mm holes at a horizontal and at a vertical iuterval of 70 cu. 

A gravel packing 30 cm broad is provided arcuna the coucrete 


> . ’ = i > ee a a 
rings to prevent sand f7on entering into the well, for turtues 


de-tails please refer to figure 20. 


ee 


Pumps for Water Supply: 


The applicable types of pumps as 
plantations are céncerned, are: 


far as water supply schemes in 


(a) Reciprocating pumps 

(b) Centrifugal pumps 

(ec) Turbine pumps 

(d) Submerisble pumps 

(e) Jet pumps (Ejecto pumps) 
(f) Hydraulic Rams (Hydrams) 


The other type of pumps like rotary pumps, air lift pumps, etc., 
find limited applicability in the present context. Since the 
details of construction, efficiency, formulae for discharge etc., 
vary for different manufacturers, such details for all displace- 
ment pumps ( a through e above) are supplied by the manufacturer. 
Hence only the Jeneral principles involved are discussed. 


(a) Reciprocating pumps: the principle involves drawing in water 
through a suction pipe by a plunger moving up and down, or 
forward and backward in a chamber, and thus creating a vacuum. 
The water is pushed up simulataneously with the help of non- 
return valves. The major advantage ef reciprocating pumps 
in estates, is that, they can pump small amounts of water 
to very large heights with a lesser power (HP) compared te 
centrifugal pumps. Fer details refer figure 28. 


(>) Centrifugal pumps: A centrifugal pump is widely vibes “3 
water supply, irrigation, factories, etc. The le sev 5 
involved is that an impeller rotating inside a close fitting 
case draws in any given liquid at the centre and by = 

centrifugal force, pumps it out through an opening 


irtue of 
Ree The high velocity produced by 


at the side of the casing. . 
the impeller is partially transformed into pressure head. 


The details of a centrifugal pump is shown in figure 23 (A) 
a nd 24 .(B) 
6v9/- 
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(ce) Vertical turbine Pumps: These are impeller type vertical 
centrifugal pumps with a Surrounding discharge pipf anda 
drive shaft in the middle. They are ( the impellers and 
the suction casing) necessarily Submerged and driven bv the 
motor and engine. The. priaciple is same as that of a 
centrifugal pump» excepting that the impellers and the 
impeller bowl chambers are Submerged in water. Figure 
24 gives details of a typical turbine. 


(d) Submerisble pumps: These are vertical turbine pumps with 
both the prime mover (electric motor) and the impeller 
chamber submerged in water. The entire pump comes in a 
housing consisting of the motor and the impellers, which 
is connected to discharge pipes and lowered into the bore- 
well. Figure 2H Shows the detailed section of a submersible 


(e) Ejecto pumps: Ejecto or jet pumps are operated with the 
J 


i help of a high nressure water jet sent through a pipe 
4 (pressure) which pushes up water through a second (delivery 
q pipe. This tyve of pumvs find applicability in low 


yielding bore wells and requiring heads upto 30 metres, 
Figure 26 gives details of construction and installation. 


(f£) Hydraulic Ram; The Hydraulic ram though not very popular 
due to the lack of the conditions required for its 
functioning, is an impulse pump being self-operated by 
+he water hammer intentionally produced. The conditions 
required fer its oneration are: 


(i) The continuous available supply should be 3 to 30 times 


more than the supply required. | : 
(ii) There should be a sufficient fall to create velocity in 


power pipes and hence water hammer. 
The force of water is captured in a chamber ( see figure £3) 


i | a 
here air is compressed and released when the same compressea 
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air expands, pumping’a part of the wa 


ter to a higher elevation 
than the point from Which 


it originally came. The water not 
pushed up escapes through an Escape valve and is 


wasted unless 
Subsequently used. This 


"rocess can go on continuouslyas long 
as there is a minimum flow at the source. When the source flow 
reduces, the power pipes do not flow fall and the ram stops 

The follow ing Table IX represents the amount of water 
that can be pumped with various heads for the different 
ef power water: 


operating. 


amounts 


TABLE IX 


} ; 


107 | 96 80] 64, 43 | 
| 
i 
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fper minute | 
jof power water; 
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‘The advantage of hydraulic ram over other pomps. - ~ are many. 
The initial cost is a minimum and running/maintainence cost is 
almost nil. Except that the ratio of numning discharge to the 
Bvailable discharge is comparitively low, Hydraulic rams are 
best suited for plantations. 


Hydraulic Parameters: Those faced with nump nroblems and pump 
selection come across several terms, a clear cut understanding 
by physical concepts of which is essential for tackling the 
problems. These are explained below: 


Head: Hy draulically the head is the difference in elevation 
between two points in liquid bodies. For instance a difference 
level between the water surface in a well and the surface 
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water in an overhead tank is called a head, Figure 2$ illustrates 
different types of heads, 


Stat ic head: This is the difference in elevation between two 
Static liquid surfaces. 


Static Suction Lift: This term refers to centrifugal and reci- 
procating pumns and is the différence in elevation between the 
centre of the pump and the level at the source. The maximum 
possible suction lift theoretically is 10m at the sea level 
but for all practical purposes this should net exceed 6.5m. 


Tetal Suctton Lift: ~ is the sum of the frictional losses 
im the suction pipe and static suction lift. 


Static Discharge head - This is the difference in elevation 
between the centre of the pump and the discharge level. 


Total Discharge Head: This is the sum of the static discharge 
head and the frictional losses in the discharge pipe. 


Velocity in pipes: This is the speed of the water in the 
direction of flow. This can be obtained by dividing the 
discharge in the respective unit by the area of the pipe section. 
The unit is metre per second. 


Friction head: This is the equivalent head expressed in metres 
of water required to overcome the resistance created by the 


pipe surface during conveyance. 
This is the rate of flow for which pumps have 


Design Discharge: 
in fact based on the extractable amount 


to be selected and is 
from each source determ 
for oumps should not exceed the minimum 
In case the minimum 


ined as discussed earlier. 


The design discharge 
extractable amcunt from each source. | 
daily extract=sple amount from each source 18 more a = daily 
onsumer points under it then the design discharge 


requirement of c 
: aily requirement by the 


should ve obtained by dividing tne ¢d 
daily pumping hours. 
rar 
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Daily Pumping hours; For water supply schemes in plantations , 
more daily pumping hours with less discharge rate is preferable 


to short duration pumping with high capacity pumps for the 
following reasons: 


(a) A high rate of discharge would need large diameter nipes 
for conveyance, large Canacity treatment plants and Storage 
structures at the intake and consumer points. 

(bo) With less than half the cost of a Slogie large capacity 
pumping unit one can have small canacity pumping unit if 
the daily punning hovrs are doubled. 


It is. suggested that the daily pumning hours should be kept in 
the range of 12 to 20 depending unon the source and requirement. 


Number of pumving units at each source; Though theoretically 

it may be advisable to have one standby pumping unit for each 
Source in practice, however, water supply for plantations where 
the demand at scatterred consumer voints are met from different 
Sources, a standby may not be advisable. The life of the pump- 
ing unit can ve prolonged by giving about an hours rest bet- 
ween pumping sessions, Even in case of breakdowns this will 
affect only part of tne community. However if the whole estate 
is served by a single scurce, it is imperative to keep one 


Standby pumping unit. 


Selection of pumps: 


It is difficult to suggest criteria to be adopted for selection 


of water supply pumps as many factors influence the design. 


However some guide lines are given below: 


(a) It is not necessary to calculate exactly the H.P., the 
types of 


r.p.ms impeller diameter stages of the pump, 7 
own sneci- 


pump etc.,.Bach manufacturer will have their 
fications and when contacted with the necessary data would 


supply the correct combination. 


9+13/= 
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(B) The following are the basic data that should be obtained 


before contacting the dealers of different pumps/motors: 
- The design discharge 


- The total static head 

- Maximum fluctuation in water level at the source 

- Number of pumping hours 

- Frictional losses in the suction and delivery pressure 
pipes, valves, junctions, bends, ete, 


(c) A reciprocating pump would be the best suited for surface 
water Sources and open wells when the discharge is very low 
and the head is very high as in the case of estates. However, 
for higher discharges with lower heads, centrifugal pumps 
may be considered. If the seasonal fluctuation of the water 
level is high, then there should be provisions to shift and 
install the pumping units at different stages to facilitate 
easy Suction. In open wells and jack wells this is done by 
constructing girders at different levels and is not very 
difficult if the prime mover is an electric motor, directly 


coupled to the pump. 
(d) Turhine pumps should be preferred: 


- When the water level fluctuation is quite high and frequent. 
~- if the discharge required is very high. 
- For high yielding borewells. 


(e) Submersible pumps are best Suited: 


—- where electric supply is available | 
-~ for low to medium yielding borewells with low to medium head, 


(f) Hydrams are best suited: 


-~ for streams in hilly terrains | | 
where there is a minimum continuous flow which is several 
times more than the minimum requirement. | 

mountain stream has enormous torrential flow 
season, a part of which is proposed to be 
in lean neriods) at a higher altittide 


- where the 
during rainy 
conserved (for use 
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iy, 
in underground reservoirs, 


(gs) An €jecto pump is best Suited for low yielding bore wells 
and requiring low heads, 


The efficiency chart for turbine pumps and centrifugal pumps 

are shown in figure 29 and 29 respectively, The affect of 
variation of suction lift on the efficiency of a centrifugal 
pump is represented in figure 3D, It may be appreciated that 

the guidelines mentioned above are general and several] other 
factors like mechanical ana chemical quality of water, availability 
of after sales Service, availability of power Supply and cost factor 
also influence selestion of a pumping unit. 


Pump house: These are small cabins usually made of the simplest, 
cheapest and of the most durable construction material, to protect 
pumpS and motor/engine installations from sun, rain, etc., as 
well as from theft. The walls aould be of stone, brick, G.I. 
Sheets or asbest2s sheets. The -oof could be of G.I. sheets or 
asbestos sheets. The size should be a minimum of 2.5m x 2.5m x 
2. 5M. The pump nouse should be loceted as close to the source 
(usually not more than 2m) as possible. The floor level of the 
pump house should be at least 1m above the highest flood level 
in the stream. In case of centrifugal numps and reciprocating 
pumps, the floor level should be a maximum of 6m above the lowest 


water level in the source. 
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Fig. 30) TWO PUMPING SITUATIONS, SHOWING CENTRIFUGAL 
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Conveyance Systems 


The 7 RNR Tae System ina water Supply scheme includes the press- 
ure pipes transporting water from the source to the treatment 
plant and Storage Chamber , grevity pipes connecting the inter- 
mediatory delivery/storage chamber and the consumer points, and 
the auxillary Structures like, pressure release valves, wheel 
valves, non-return Valves etc. A proper design and correct 
Selection of modes anda types of these componen ‘s is most essen- 
tial to ensure an efricient and economical conveyance Systems 
The only mode of conveyance applicable to w ater Supply scheme 

is pipelines, 


Different types of pipes: The three different types of pipes 


that can be considered for adaptation in plantation water Supply 
are: | 


(a) Galvanized iron (G.1.) pines 
(bo) Super pressure resistant Synthetic pipes being developed 
and introduced ‘nto market (HDPE), 


(c) Aluminium pipes. 


G.1l. pipes: G.I. nipes have been Successfully used in water 
Supply schemes for the past several decades. The major advant- 
ages of this type of pines are; 

can be used to cairrvy discharges at extremely high nressure. 

- need not be buried underground as they cannet be damaged 
easily by mischievous clemerts. 

mot affected much vy the change in atmospheric temperature. 

= srelatively Longer lif¢@ period. 

been found to be subjecy to corrosion while 


But G@.1. pines have 
carrving raw water, resulting in increase in the roughness of 
« oa 


4CEing 1 he frictionai los and cloggin 
the surface thus accing to the frictlonai losses gging 


easily due to incrustations. 
0. 16/- 
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Synthetic pipes: Recently several types of pipes of different 


Specifications made of Synthetic materials developed from pvetro- 


chemicals are being introduced into the market. It has also veen 
observed that, synthetic 


pipes have the following advantages over 
other kinds of pipes. 


Very low frictional loss ( 70% of that of G.I. Pipes) 
- Easy handling. 

- Low cost of transportetion and installation. 

- Resistance to any kind of corrosion. 


However, there has not been extensive use made of such pipes in 
India, and their availability, durability and versatality have 
yet to be known from the manufacturers. 


(c) Aluminium pipes: Aluminium pipes which are commonly used 
for sprinkle irrigation also find applicability in water 
supply systems, They have the following advantages: 

- very light and hence easily handled and transported. 
-~ more resistance te corrosion and less frictional losses 
compared to G.I. pipes. 

a - Wapacity to sustain very high pressure. 

RE wever, aluminium pipes need special chemical coating to prevent 

electrolytic pitting especially when buried underground, 


Criteria for selecting the types of pipelines: Depending on 
“the pressure and design discharge for each part of the conveyance 
Reveten the following guide lines should be kept ia mind while 
 eyv v > 


‘selecting the type of pipe lines. 
Synthetic pipes of pproven quality for stretches of the 
conveyance system with low 4o medium pressures. 


G.I. pipes or aluminium pipes for certain stretches of the 


conveyance system where there is 2 possibility of higher 


pressure being devel cped. 


bet 


att. 


= G.I. pipes for inflew and delivery lines of hydrams to resist 
the water hammer force. 


Design of Pipelines: Having selected the types of pipelines for 
different reaches of the Conveyance system, and with the help of 
the necessary data of discharge at each Stretch, their respective 
lengths etc., the design of the pipelines involves selecting an 
eptimum diameter which in the present context means minimum dia- 
meter with reasonable frictional losses per unit length. These 
losses for different discharges and different diameters for G.I. 
Pipee are given im Table X. .A similar table for Synthetic pipes - 
is not available though it is expected that their respective 
frictional losses are several times lesser than that of G.1. pipes, 
The total frictional loss for each stretch is obtained by multi- 
plying tre unit frictional loess by the length of that stretch, 
Normally the diameter is selected so that the frictional loss per 
100 metre length does not exceed 1..metre. The pressure at any 
point along the pipeline is obtainea by reading from the friction- 
al gradient diagram ( Figure 3). Re. e 
Frictional losses in auxillary structures: The frictional losses 
in structures like foot valves, non ’*return valves’, and bends- also 
add to the total frictional loss of the conveyance system... The 
figure 34 presents a nomogram to help determine losses ‘in such. 
components. 
Pressure release valves: Each pipe is designed to sustain a pres- 
g Phe pressure in the pipe should not be allow 
To ensure this, pressure release valves 
Line at intervals of half the total 
The valve is 


cribed pressure, 
ed to cross this limit. 
are provided along the pipe | 
length or at every 100 metres which ever 18s less. 


controlled by a floating ball which raises and releases the es 
: The figure oL shows a cross sectional 


yressure that may ouild wp. 
‘ The nressure release valves 


view of a pressure release valve. 


2. 
are a must in case of delivery and power pipes of a hydra 
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RESISTANCE OF VALVES AND FITTINGS 
TO FLOW OF FLUID 
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Globe Vaive, Open 


Gate Vaive 
} closed 8000 
‘4 closed 2000 
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Design of Tfeatment and Storage Systems: 


As has e ww 3 
é Brready been discussed earlier Unit operations far wate: troatence. 4 
a eduired would be dependant on the quality of the Taw water. However the 


Plantations may be expected to design systems that include the following: 


2s Sedimentation 

Se Coagulation 

4. Filtration 

Se Aeration 

6. Chlorination 

Te Storage 

Although the treatment would depend on the use Ege, factory, domestic etc, 


it may be safer to design the System to include all the above stages. I+ 


available the simple designs existing in some Plantations and suitable for 
most others have been Suggested. The schematic diagram of Treatment plants 
is shown in figure 3H and detailed designs/descriptions are treated sepa- 
rately later. It may be noted that all the chambers should be of concrete 
( the thickness of the walis varying between 0.22 to 0.3 metres). Such 


concrete chambers would help reduce recurring coste 


Plain Sedimentation Chamber: Plain sedimentation is useful for the removal 


of gross turbidity and for reduction of bacteria especially pathogenic 
For highly turbid water it is necessary to reduce the turbidity 


it to pass through the flocculation 


bacteria. 


to a certain extené before aliowing 


and filtration process. If this is not done, the dosage and time required 
for flocculation will have to be hiyh and the filtration plant will have 


to be of larger capacity. 
The basic data required for the cesign of a plain sedimentation chamber ares 


- The turbidity of the raw water measured for different times of the year. 


The Sieve analysis data of the Suspended particlee. 


2+2/- 


re 


Plai i ati : : 
n Sedimentation 15 @ process in which the Suspended particles are 


allowed to settle down by the virtue of gravity. The time taken for 
Settling down is P>oOpotional to: 
- The relative density of the Particles 


= The sum of forces acting upon the particles 


Of gravitational force is minimum or nil. This will be facilitated by 
allowing the raw water to Pess through a long chamber before cascading. 
Volocity breakers are Provided in the chambes.* The following Tabie XI gives 


the time taken by’ different kinds of particles to settle down in still water. 


TABLE XI 
ee ee SS eee 
Material Diameter(m.m.e) Rate of settlement(metres/ 
hour) 
os 5 ee. Es ee ees ee) 
Coarse sand F200. =Ge5 366 ~ 194 
Fine sand Os 25 “at 0st 100 — 29 
Silt 05: =O e005 10 — 0.14 
Fine clay 0.001 ~ 0.0001 0.005 = 0.0005 


SSS a es ee ee SS Se 


It can be seen that plain sedimentation is not effective if the turbidity 


of raw water is caused by clay or silt. The design of the plain sedimentation 


chamber takes the following factors into consideration: 

(i) The rate of inflow of raw water 

(ii) The turbidity of raw water and the contentof coarse and fine sand. 
The velocity of flow in the chamber should not exceed 0.15m per minute. 
The width of the chamber is given by: 

WxDxVe#Q 


ovd/ea 


-3. 


W= Q =. x 60 \ = 200 Q 


xy ] ¥ 'O.15 


= 

=e 

a) 

I 

oO 

= 
l 


= width of Chamber in metres 
= water depth = 2m 


V = velocity in M/sec 0.15 


The length of the chamber is approximately given by: 
L = 2(1 + W) 


Where: L = length in metres 


If the total length exceeds 2 metres then velocity breakers are Provided 
at an interval of 2 metres» The outlet Pipe is kept 0.3 m below the water~ 
level. The diameter of this pipe varies from 100 mm to 150 mm depending 


Upon the discharge. 


Figure 36 represents the details of a plain sedimentation chamber. 


Coagulation» 


Coagulation is the final state of sedimentation by which about BO% of the 


Suspended particles are Separated and settled. ‘Coagulante are added at 


a constant rate to the Plain sedimentated water. The process in the 


Simplest form involves (a) Coagulant feeding and (b) mixing and settling. 


The most widely used coagulant is Aluminium Sulphate (Alum). The dosage 


varies depending upon the turbidity. 


(a) Feeding: There are two methods of coagulant feeding viz., solution 


feeding and dry feeding. The solution feeding alum is dissolved in water 
before feeding at a constant rate to the Taw water. In dry feeding the 


alum is added to the raw water in the form of Powder or granules. 


(b) Mixing and Settling: Mixing is required to facilitateo maximum 


dissolution of the coagulant in wator. Though there are several mechanical 


devices for mixing, the simplest method would be by letting the water pass 


through constrictions under high velocity. Water containing coagulants is 


1% d to pass through a rectangular basin with baffles (sheets of concrete) 
allowe 


: kept elightly 
Placed across the basin, one end of the alternate baffles being p g 


apart from the opposite wall. 04/ 


ofl 


The approx; =e ; : Re, 
Pproximate dimensions o¢ a mixing and settling chamber for a treatment 


Sepecity of 1.5 lakhs litres per Uay is given in Figure 3 
Slow Sand Filtration: 


Filtration not On] y removes the Finer suspended Particles but also reduces 
the bacterial Contents by 90 ~ 95 %, The best suitable and Simple method 
of filtration for small Water supply schemes is Slow sand filtration. This 
method is most practical in treatment of water under the gravit Woe Water 


supply. 
Design: (see figure 3H) 


(a) Raw Water: Turbidity less than 50 ppm for the water applied to the 
filters; higher turbidities can be filtered for short Periods. Average 
turbidity should be less than 30 ppm Yor economical and continuous 
operation. . 

(b) Rate of filtration: This should be about 4 = 5 pivady Per square 
metre of filter bed Cepending on the requirements. The lowe> the 


rate of filtration the more effective will be the %reatmente 


Gen Filter sand: Should be uniform, free of organic matter, and effective 
Size should Be in the Fange of 0.5 46 1 mm» The finer the filter sand; 
the more eff:cient will Soe. te Piltesthe action but the quicker it will 
Clog, thus increasing operation costs. Good results have been obtained 
with somewhat coarser sand =nd higher loadings.» This reduces the 


filter sizes and operation cost. With generally clear waters, free 


of pollution, higher raters are well justified. 


(d) Filter bed: About 0.5 m of sand supported on 0.5m of graded gravel 


and pebbles of 10 mm and 15 mm respectively. 
pipes to a height of 0.25 metres and a width of 1 metre 


Stones are packed near 


the outlet 


from the outlets. The depth of water over the filter can be from 


0.25 to 0.5 metres. Outiet pipes are spaced at a distance of 1.0 m 


but converge into a single manifold before being conveyed to the 


Aeration chamber. 


Aeration: 
Aeration is 4 process in which faw or part 
to the atmospheric oxygen for sufficient durations to remove unwanted 
0 re 
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thus ; and _tastce 
i liAproving the odour, In addition, staining of 


Plumbing fixtures is reduced. 


gases, iron, etc., 


fhe simplest method for plantations involves 
allowing the water to flow in a thin sheet (10 —- 20 mm) over a channel 
0,5 m wide and 3 m long, the bed slope being 1 in 190. The figure WB 
represents the details of such an arrangement. ‘he aerated water isthen 


taken to thechlorination plant before being conveyed to the storage chamber. 


Storage Chamber: 


The chlorinated water enters the storage chamber where the reaction of 


chlorine on the bacterial organisms is compietede Tne major aspects to be 


considered in the design of a sterage chamber or ¢cistribution chamber ares 
(a) The capacity 


(b) The water level to be maintained. 


(a) The capacity of a distribution chamber depends on the rate of pumping, 
frequencies and duration cf power failure; pumping unit being rendered in- 
operative due to break cowns; and the maximum consumption expected during 
non—pumping hours. As a cule of thumb, the capacity of such a chamber should 


be equal to one day's consumption: 


(b) The relative water level to be maintained in the starage c hamber with 


i SOuT ani ints etc 
respect to other points like source, treatment plant, consumer points etCe, 


depends upon : 


« the level of the highest consumer points in the command of that 


storage chambere 


the minimum head difference (pressure) required for the chlorine feeder 


+o operate. 


j tore the water levei should be kept: 
Considering the above factors the wever 


i a is ; the chamber and the 
(i) 1/100°" of the horizontel distance between e 


above the level of the latter. 


oat consumer points ; 
- ahalae inlet pipe from which 


m npelow the noint on the 


(ii) should be ats least |! 7. al 
the fecder pipe for chlorination has been taken» this Pp 
eC eC hs 3 : 
| i he % chamber 
Lhe inles pipe coming from the aeration 
be so selected on the inles j 
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the water level in the acration chamber 
¢ the Centre of the pipe should be equal to the minimum head required for 
: chlorination plant to function. 
y ian 
i it is always pei douie to Givide the storage chamber into two comparkwente 
n order to. Facilitate periodical claane ae The ‘ae of pipe connections 5 
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Need flor Conservation or 


wiGn oF Water: 


In several estates the 


cr 


arcity of drinking water is very acute during mos? 

months, whereas torrentia? rlow may be seen in streans cdurirg the monsoons. 

There are means, though exnensive to tep and store tnis excess water ta be 
d 


used during lea BoA EE ag : ie 
g mM perioas. Apart from this, ths conditions can also be 


improved imit ie Oe. on k: : 
p ed to a limited extent by controlled SUPply and economical use of 


water. It can also be generally said that the expenses invo ved are not 
beyond justification since the estates are essentially located where. rain~ 
fall (basic source of water) is above average, hence avoiding the sat vale) 
convey water from distances. The question is to optimize the use of the 
available sources. This question when considered for any scheme exploiting 
natural resources uSually arises only when there is an excessive depletion 
of sources and/or an increase in the demand. Ina case uf wate> supply 
schemes in water scarce estates, tne problems are related rainer to the 
increase in demand, than the depletion of sources; [In such estates the 
need for conservation ts imperative not only to mest the present demand but 


also to narrow down the ever-increasing demand supply gap. 


Conservavion Measures: 


Conservation measures can be broadly classified inte two categories: 


ee in 


- To impcuad/store/retain the excess water when evailable for u 
lean periods with the help of suitabic structures. 


—- Economic and :ontrolled use of water. 


Storage of excess water: Though there are various methods, like smail dens, 
deries of check dams etc-, to impound and store run off they may not 3¢ 


practical in plantations for the following reasons: 


- They occupy large areas. 


The evaporation losses are high 
is detailed below: 


The method hence suggested 


A point is selected within the estate such thats 


is higher than the highest inhabitations. 


- it is in the shape of a small plateau. 
ed at Least up to 4m below ground level. 


has a torrential 


- no rock is expect 
| a stream which he 


“low curing mensoors-. 


~ is nearer to th 
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However thi . 
#S 8226 should not exceed 20m x 15m x 6m, though the number of 


tanks that c- : 
Can be provided maybe increased depending on the storage require- 


mente The desian Swe) 
gn of the walls, the roof fabrications etc., is done only 


when the volume and the size of the tank is known. 


A i = en 
Pome *e be stressed at thik juncture is that the method of storing excess 


water briefed above should be adopted only as a last resort as heavy invest- 
ments and large space are required for the storage tanks. The method however 
Can be considered when despite pooling up all the possible sources, the 
Supply demand gap and the drought frequency is very high. This could be 
favourably considered for Protection as an insurance against failure of 
timely rainfall which may lead to crop failures. This will however be use= 
ful for 1 or 2 irrigations and could specifically be used to save yoursy 


plants. 


Controlled and Economic Use of Water: 

In community water supply schemes experience shows that a considerable amount 
of water is wasted due to the negligence of consumers. Running taps and 
leaky connections are not uncommon scenes- The authorities have tried to 


solve the problem by restricting the supplics to a limitedtime. This has 


not only failed to curb waste but also added to the miseries of the consumers; 


long queues resulting in commotione More often than not the taps run when 


water is not required or utilised. Such wastes must be avoided in scarce 


areas where water is supplicd at high costs- The following guidelines are 


suggested to meet such problems. 


All the public taps must be of spring loaded push open type- 


Ge 
A xround the clock 


b. No restriction should be laid on the supply duration. 


supply is the best- 

The consumer must be reminded to be restrictive in the use of water and 

Ce = : . 

t strain children from unnecessary interferance with taps and 
O Fre z 


onnections- . 
: » line could be entrustedwith the responsi-= 


or each labour 


son f 
erie soctifyang any déseess sn tne Sapa ane Ce 


bility of inspecting and 


tions 
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sh group of taps 
oa 
water meter. This 


Fea ae will help on locating and isolating the point of 
4 excess use 0O© wastes if any. 


( serving 6 families ) each should have a separate 
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Need for Maintaingnce: 


~~ — 


The aim of n 
water supply system is obviously to make available good Quality 


water with S 1 i } a” ” a be r m 
{ 


this aim i i 
15 fulfilled. The detailed preventive maintainence required has 


been given under the check list 


follows: 


- these may be classified as 


(a) Sources: Springs 
Wells: Open and Bored 
Weirs 
Collector/Jack wells 
Direct Lift from river/stream 
(b) Pumping sets. 
(c) Quality 
(6) Treatment Plant 
(e) Conveyance and supply network 


(f) Conservation structures. 


CHECK LIST FOR MAINTAINA@NCE OF WATER SUPPLY SYSTEMS IN PLANTATIONS: 


Springs 4. The area around should be kept clear and free from en= 


croachment from animals, dead leaves ectce, by constant checkSe 


2. The storage chamber should be cleaned periodically say 


bi=annually- 

3. Periodic 6=<monthly checks should be carried out for 
bacteriological and chemical (Fe) contaminations 

4. A constant observation of the water level in a spring 


chamber should be maintained. 


Well (Open): 
4. The well should be desilted at least once a year. 


2, Surface drains to be suitably diverted regularly. 


3. Monitoring regularly for bacteriological and chemical 


pollutants at least 6 monthly 
repaired when necessary» 


4. Well lining to be checked and 


5 Periodic checks on water levelse 


«s2/= 
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Tewell: 1. The borewell should be desilted or cleaned after 
Periodic checking for siltation. This can be done 
by flushing with a CcompressOre 
2. Surface drains to be diverted. 

3- Monitoring for bacteriological and chemical con= 
tamination at least 6 monthly. 


4. Periodic checks on water level. 


Weirs: 1. Annual check on thes ilt accumulation on the up- 
Stream side. Desilting if the depth of the 
accumulated silt exceeds 1/5th of the depth of weirs. 

2 Periodic check to see any scouring of the wall or 


foundation. 


Jack Wells/Collector 
Wells: 1. Annual de=silting of well. 

2@e The gravel packing around the well is likely to 
get clogged frequently in which case this may have 
to be replaced by clean coarser gravel. 

3. If the slotted pipe gets clogged, this may also 


need gravel packing around ite 


Pumps: 1. The turbidity of water should not exceed that pres-= 
cribed for each pump. In case it does the dealer 
should be consulted to ascertain the special pre- 
cautionary measures. 

2. The pressure at the pump should not exceed the 
prescribed limit. 
3. Servicing should be done without fail at the 


prescribed interval. 


Conveyance: 1. Monthly inspection of the pipe lines and valves 
to detect any leakage. 

2. Immediate rectifying. 

3. An increase in pressure at the pump denotes some 


defect in the conveyance systems 
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Treatment Plant 


(General) 


Plain 


Sedimentation: 


Coagulation 


Chamber: 


Slow Sand 
Filter: 


Chlorination: 


2. 
ce 


Hie 
2. 


3 


4. 
ain 


a 


The entry into premises in which the treatment plants 
and storage chambers are located should be restricted 
to authorised persons. Wire fences maybe erected 

if necessary. 

These’ premises should be kept clean. Constant vigil 


1S required to ensure such cleanliness. 


Periodical sampling of raw water and analysis 
for turbidity. 


Annual cleaning. 


Periodical sampling of water that has undergone 
sedimentation to analyse for turbidity and decide 
coagulant dosage. 

Checking the function of the coagulant feeders 


Annual cleaning. 


Check water level constantly. 

An increase in water level shows that the top 
layers of filter bed are clogged. 

When the clogging is excessive, causing the filter 
to overflow; the top 5 to 6 cm layer of sand is 


carefully removed, washed properly and installed 


back into place. 
The sand bed should not be stirred. 


Every two or three years preferably after the 


monsoons, when the raw weter is comparitively clearer 


the entixre filter materials should be removed care= 


fully, washed and re-installed. 


The chlorine feeder should be inspected daily to 


ensure smooth functioning. 


The dosage as determined by periodical analysis 


should be strictly adherred to- 
o-4/= 
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eee einer es The pumping phawld be controlled so that the wator 
‘y level in the chamber does not exceed the overflow 
level. This may be known from experience. 


62. Cleaning at least bi~annually. 


+2 


1.0 Annual flushing using the fiush cock 
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Financial Implications of Water Supply in Plantations: 


Any investor would like all the implications in a schome/project to be 
translated in terms of investments and returns, before considering the 
overall acceptability. For community water supply schemes, however the 
returns cannot be worked out directly in terms of increase in production. 
It is obvious that only a healthy working community can maintain a high 
production level. Specifically referring to plantations, reports of high 
incidence of water-borne discases has convinced managements that providing 
safe and sufficient drinking water at higher initial investments is of 


prime importance. 


An attempt has been made to illustrate the method of costing a water supply 
scheme in plantations -— this would be indicative more of the implications 


rather than actual cost which would vary greatly from each estate. 


Basis for Working out Costs and its Limitations: 

The typical estate referred to carlier, under assessment of water (figure 1% 
is considered for working out the costs. The schedule of rates for differer 
works and items has been arrived at based on those obtained from various 
sourcese However, for actual estimates, the rates prevailing in the area 
should be applied. The costs may be classified on the following lines: 

b+ ke Capital Costs 


(2) Recurring Costs 


Capital Costs: 

These include items such as: 

(a) Project formulation 

(b) Intake Structures 

(c). Lifting Devices 

(d) Conveyance and Delivery Systems 

(e) Treatment and Storage 

(¢) Conservation Structures 

ning and costing: 


Project formulation involves investigation, planning, desig 


The items under intake structures would be spring protection chambers, wells 


weirs, etc.,- Under lifting devices would be shown pumping equipment and 


pump houses, whilst conveyance and delivery includes pipe, valves and 


«2/= 


2 ae 


associated fixtures. The chambers, equipment and materials required for 
sedimentation, coagulation, filtration, aeration, chlorination and storage 
fall under the head: Treatment and Storage. Conservation structures would 


include weirs, hydrams, pipes and underground storage chambers. 


The Capital Costs under different heads are worked out as follows: 
(a) PROJECT FORMULATION (2,500 acres): 
(i) Investigation/Evaluation 
@ fs 70/— per acre 50, 000 
(ii) Planning, Designing and Costing 


@ Rs 10/= per acre 25, 000 75,000 


(b) INTAKE STRUCTURES: 


(i) Spring Protection Chamber (1 No) 4,500 
(ii) Jack/Collector Well (1 No) 10,000 
(iii) Openwell 10m x 6n, 
lining 6m (1 No) 8, 000 
(iv) Borewell 20m depth with 
about 10m casing (1 No) 11,000 33,500 
(c) LIFTING DEVICES 
C4) Reciprocating/Centrifugal 


Pump and motor for Spring 


Openwell, River lift and 


Jackwell (4 Nos) 60,000 
(ii) Submersible pump for bore 
well and accessories (1 No) 20, 000 
(iii) Pump houses (4 Nos) 20, 000 1,00, 000 


(d) CONVEYANCE AND DELIVERY: 
(i) Pressure pipes, 3420 metres 

@ Ps 120/— per metzre(HDPE ) 4,10,400 
(4i) Gravity pipes, 4370 metres 

@ fs 100/— per metre (HDPE ) 4,37, 000 
(444) Auxillary fitting like valves 


@ fs 5/= per metre of pipeline 38,950 8,86, 350 
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(e) TREATMENT AND STORAGE: 


(i) Sedimentation Chamber (3 Nos) 8,500 

(ii) Coagulant Feeder (2 Nos) 5,000 

(iii) Slow Sand Filter (3 Nos) 15,000 

(iv) Coagulation Chamber (2 Nos) 6,000 

(v) Aeration Chamber | (3 Nos) 4,500 

(vi) Chlorination Equipment (5 Nos) 17,500 

(vii) Storage Chamber, Large (2 Nos) 25,000 

(viii)Storage Chamber, small (6 Nos) 24,000 ___ 4, 05,500 


12,00,350 _ 


The above capital cost would be typical for an estate that can meet its 


requirement from available sources through the yeare 


In case of estates where available sources are inadequate conservation 
structures would require additional capital investment as detailed below 
(assuming that an Estate with 2900 population needs 50% of its requirements 


for 3 dry months in the year from conserved sources): 


(F) CONSERVATION STRUCTURES: 
(i) Weirs (2 Nos) 3,000 
(ii) Hydrams (2 Nos) 16,000 
(iii) Pipelines for Hydram 

3,000 metres @ Rs 150/— 


per metre(G.I. special 
quality) 4,50, 000 


(iv) Underground Storage 
Reservoirs (3 Nos) 2,40, 000 7, 09,000 


19;093350 


—— ee ee 


Recurring Costs: 


The cost of recurring and maintaining the water supply system installed 


or the recurring costs may be categorized as follows: 
(a) Intako structure 

(b) Lifting Devices 

(c) Conveyanee and Delivery System 


(d) Treatment and Storage Chamber or 


(e) 


(ii) 


(b) 


(i) 


(ii) 


(iii) 
(iv) 
(c) 
(i) 


(ii) 


(d) 
(i) 


(ii) 


(iii) 


(iv) 
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Conservation Structures 
Interest on Capital Investment 


Personnel 


INTAKE STRUCTURES: 


Depreciation on the Capital 
assuming 20 year life period.. 
Maintaining (periodical repairs) 


2% of Capital Investment-.~ 


LIFTING DEVICES: 

Depreciation‘ pumping equipment 
and accessories) assuming 10 year 
life period 

Depreciation con pump houses 
assuming 20 year life period .. 


Energy consumption ee 
Maintainence @ 5% of capeinvestment 


CONVEYANCE AND DELIVERY SYSTEMS: 
Depreciation on capital investment 
assuming 20 year life period(HDPE).. 
Maintainance @ 2% of capital 


investment 


TREATMENT AND STORAGE CHAMBERS: 
Depreciation on capital investment 
on civil structures assuming 
20 year life period 
Depreciation on capital invested 
in equipment ege Chlorinators 
and Coagulant feeders assuming 
10 year life period 
Maintainance @ 2% of capital 
investment 
Cost of chemicals(Inclusive of 


potency loss in storage) 


1,675 


670 


8,000 


1,000 


65,000 
5, 000 


44,318 


Tfy fed 


4,150 


2,250 


2,110 


5,000 


2,345 


79, 000 


62,045 


13,510 
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(e) CONSERVATION STRUCTURES: 


tz) Depreciation on capital investment 
assuming a 20 year life period 35,450 
(ii) Maintainance cost @ 2% on the 


Capital Investment 14,180 49,630 


(f) INTEREST ON CAPITAL INVESTMENT 
@ 15% per annum 


(i) Project formulation 11,250 
(ii) Intake Structures 5,025 
(iii) Lifting Devices 15,000 
(iv) Conveyance and Supply Systems 132,953 
(v) Treatment and Storage Chambers 5 82s 
(vi) Conservation Structures a, 06, doo 2,686,403 


(g) PERSONNEL: 


Salary benefits to 6 operators 
on 3 shifts @ Rs 300/— p.me 21,600 21,600 


a 


Total SSS 


Cost Analysis: 


An attempt has been made to illustrate the distribution c#? expenditure on 
various heads under water supplies. This is made with reference to the 
typical estate referred to earlier. This would be a guideline for 
allocation of finance in the planning stages 


Cost/litre = Total Annual Recurring Cost = 5,114,533 = Ps 0.01 


Total Water Pumped Annually 365 x 1,46,600 
= 1 paise/litre 
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Capital Recurring 

Cost per Capita(a) Management Rs 2,368 730.00 
(b) Labour Rs AT4 146,00 

% Cost for Domestic Use 54.58 54.58 
e <8 " Livestock 4.50 4.50 
st as " Hespital 17.05 17.05 
se 8 " Production 23 66.0 23,07 


(Factory) 
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"Water Supply For Rural (ireaz and Small Communities" < &.G.Wagner 
& L N Lanoix - WH O Geneva.1959 
"Internationel Standards for Drinking Water" 
- WHO =, Geneva = 1971 
"Techniques for Collection and Reporting of Data on Community Water 
Supply". 
—- WH O Technical Repert Series Noe 490-1972 
"Water Supply and Waste Disposal" 
- W 4 Harden Bergh & Edward 3 Rodie 
- /llied Publishers Pvt. Lid. 
."Water Supply Engineering". 
—Harold E Rabbit & James J Donald 
McGraw Hill : 
"Water Well Hand Book -— Keith E finderson 
Mussouri Water Wells & Pump Contractors ‘ssociation. 
"Manual on Water Supply & Treatment” 
—-Central Public Health and Environmental Engineering Organisation, 
Ministry of Works and Housing — New Delhi 
"Trrigation — Theory and Practice". 
~- ( Michael, Vikas Publishing House Pvt. Ltd. 
"Groundwater and Wells". 
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10.."Useful Information on Pumps and Pumping". 


- Water Supply Specialists Pvt. Ltd- 


